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METHOD OF PRODUCING AN
OPTOELECTRONIC COMPONENT, AND
OPTOELECTRONIC COMPONENT

TECHNICAL FIELD

This disclosure relates to a method of producing an
optoelectronic component and an optoelectronic component.

BACKGROUND

It 1s known to equip optoelectronic components, for
example, light-emitting diode components with optical
lenses which produce beam shaping of electromagnetic
radiation radiated by the optoelectronic component.

SUMMARY

We provide a method of producing an optoelectronic
component including embedding an optoelectronic compo-
nent part into a molded body such that an upper side of the
optoelectronic component part 1s at least partially exposed
on an upper side of the molded body; arranging and struc-
turing a sacrificial layer above the upper side of the opto-
clectronic component part and the upper side of the molded
body; arranging and structuring a layer of an optical material
above the sacrificial layer; and removing the sacrificial layer.

We also provide an optoelectronic component including
an optoelectronic semiconductor chip embedded into a
molded body, wherein an upper side of the optoelectronic
semiconductor chip 1s at least partially not covered by the
molded body, an optical lens i1s arranged above the upper
side of the optoelectronic semiconductor chip, the optical
lens connects to the molded body, an air gap 1s arranged
between the upper side of the optoelectronic semiconductor
chip and the optical lens, the molded body includes a first
partial molded body and a second partial molded body, the
optoelectronic semiconductor chip 1s embedded into the first
partial molded body, and the first partial molded body 1s
embedded 1nto the second partial molded body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a cut-away side view ol an
optoelectronic component part.

FIG. 2 schematically shows a cut-away side view of the
optoelectronic component part after being embedded 1nto a
molded body.

FIG. 3 schematically shows a cut-away side view of the
molded body and a sacrificial layer arranged on 1it.

FIG. 4 schematically shows a cut-away side view of the
molded body and the sacrificial layer after a structuring of
the sacrificial layer.

FIG. 5 schematically shows a cut-away side view of the
molded body, the sacrficial layer, and a layer of an optical
maternal arranged above 1it.

FIG. 6 schematically shows a cut-away side view of the
molded body, the sacrificial layer, and the layer of the optical
material after a structuring of the optical matenal.

FIG. 7 schematically shows a cut-away side view of an
optoelectronic component according to a first example.

FIG. 8 schematically shows a cut-away side view of the
molded body and the structured sacrificial layer according to
an alternative example of the method.

FIG. 9 schematically shows a cut-away side view of the
molded body, the sacrificial layer, and the structured layer of
the optical material in this example.
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FIG. 10 schematically shows a cut-away side view ol an
optoelectronic component according to a second example.

FIG. 11 schematically shows a cut-away side view of an
optoelectronic component according to a third example.

LIST OF REFERENCE NUMERALS

10 Optoelectronic component
20 Optoelectronic component
30 Optoelectronic component

100 Optoelectronic component part
101 Upper side

102 Lower side

110 Optoelectronic semiconductor chip
111 Upper side

112 Lower side

120 Converter element

130 First molded body

131 Upper side

132 Lower side

140 First electrical contact
150 Second electrical contact
160 Via

200 Second molded body
201 Upper side

202 Lower side

300 Sacrificial layer

301 Upper side

302 Lower side

310 Structuring

320 Placeholder

400 Layer of an optical material
401 Upper side

402 Lower side

410 Optical lens

420 Lower-side structuring

430 Upper-side structuring
440 Anchor

450 Channel

500 Air gap

600 Actuator

610 Lens-side electrode

620 Molded body-side electrode

DETAILED DESCRIPTION

Our method of producing an optoelectronic component
includes steps of embedding an optoelectronic component
part into a molded body such that an upper side of the
optoelectronic component part 1s at least partially exposed
on an upper side of the molded body, arranging and struc-
turing a sacrificial layer above the upper side of the opto-
clectronic component part and the upper side of the molded
body, applying and structuring a layer of an optical material
above the sacrificial layer, and removing the sacrificial layer.

In this method, an optical element, for example, an optical
lens, may be formed from the layer of the optical materal.
The shape and the 1imaging property of the optical element
formed from the layer of the optical material may also
advantageously be designed in a highly variable manner.

By the sacnficial layer mitially arranged between the
upper side of the optoelectronic component and the layer of
the optical matenial, and which 1s removed 1n a subsequent
method step, 1n the optoelectronic component obtainable via
the method, an air gap 1s configured between the upper side
of the optoelectronic component part and a lower side of the
optical element formed from the layer of the optical mate-
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rial. An etendue thereby results which 1s smaller than would
be 11 there were direct contact between the upper side of the
optoelectronic component part and the optical lens. This
results 1n advantages for applications of the optoelectronic
component obtainable via the method 1n which a collimation
of emitted light 1s important, for example, for applications
such as projection, stage lighting, and front headlights of a
motor vehicle.

An additional advantage of the method 1s that both the
lower side of the optical element facing the optoelectronic
component part formed from the layer of the optical mate-
rial, and the upper side of this optical element facing away
from the optoelectronic component part, are useful as opti-
cally refractive interfaces and may be provided with a
structuring. As a result, both surfaces of the optical element
may be used for beam deflection of electromagnetic radia-
tion emitted by the optoelectronic component part of the
optoelectronic component obtainable via the method.

The optoelectronic component part may comprise an
optoelectronic semiconductor chip, in particular a light-
emitting diode chip. As a result, the optoelectronic compo-
nent part 1s configured to emit electromagnetic radiation, for
example, visible light.

The optoelectronic component part may be embedded 1nto
the molded body such that a lower side of the optoelectronic
component part 1s at least partially exposed on a lower side
of the molded body. As a result, 1n the optoelectronic
component obtainable via the method, the lower side of the
optoelectronic component part remains advantageously
accessible.

The optoelectronic component part may have electrical
contacts on its lower side. In the optoelectronic component
obtainable via the method, these electrical contacts advan-
tageously remain accessible and may as a result form
clectrical contacts of the optoelectronic component obtain-
able via the method.

Embedding the optoelectronic component part into the
molded body may be carried out such that the upper side and
the lower side of the optoelectronic component part are flush
with the upper side and the lower side of the molded body.
In this case, embedding the optoelectronic component part
into the molded body may, for example, be carried out via
film-assisted transfer molding. As a result, additional pro-
cessing ol the optoelectronic component 1s advantageously
simplified. In addition, an optoelectronic component having
particularly compact outer dimensions thereby advanta-
geously results.

The molded body may be formed by a molding method.
In this case, the optoelectronic component part 1s embedded
into the molded body during formation of the molded body.
The molding method may, for example, be compression
molding or transier molding. As a result, the method may
advantageously be carried out 1n a particularly simple, rapid,
and economical manner. In addition, the method 1s advan-
tageously suitable for mass processing as a composite panel
structure or wafer structure.

The sacrificial layer may comprise a photoresist. As a
result, simple application, simple processing, and simple
removal of the sacrificial layer are advantageously made
possible. In this case, established methods of semiconductor
technology may advantageously be utilized.

Structuring the sacrificial layer may be carried out via a
photolithographic method, 1n particular via mask, contact,
grayscale, or laser-interference lithography, via direct 1llu-
mination, or via an imprinting method. As a result, a simple
and precise structuring of the sacrificial layer 1s advanta-
geously made possible. Advantageously, the method may be
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adapted to the desired structuring of the sacrificial layer. In
this case, 1t 1s advantageously possible to use established
methods of semiconductor technology.

Removal of the sacrificial layer may be carried out by
dissolving the sacrificial layer. As a result, simple, rapid
removal of the sacrificial layer, which 1s gentle on the
optoelectronic component obtainable via the method, 1s
advantageously made possible.

Dissolving the sacrificial layer may be carried out by a
solvent or an etching solution. As a result, simple, rapid,
economical, and reliable removal of the sacrificial layer 1s
advantageously made possible.

The optical material may comprise a plastic. Advanta-
geously, the optical material may include a silicone or a
polycarbonate. As a result, the optical material may be
obtained economically and may be processed using estab-
lished methods.

Structuring the optical material may be carried out via a
photolithographic method or via an imprinting method. This
advantageously enables a tlexible structuring of the optical
material. In this case as well, 1t 1s advantageously possible
to use established methods.

Multiple optoelectronic component parts may be embed-
ded together into the molded body. In this case, a section of
the sacrificial layer 1s arranged and structured above each
optoelectronic component part. Subsequently, a section of
the optical material 1s arranged and structured above each
section of the sacrificial layer. Finally, the optoelectronic
component 1s singulated by dicing the molded body. As a
result, the method advantageously enables production of a
plurality of optoelectronic components 1n common process-
ing steps. As a result, the production costs per individual
optoelectronic component may advantageously be signifi-
cantly reduced.

Dicing the molded body may be carried out before
removal of the sacrificial layer or after removal of the
sacrificial layer. It 1s also possible to 1mtially dice the
molded body partially, for example, 1n columns or 1n rows,
then to dissolve the sacrificial layer, and subsequently com-
pletely dice the molded body. In this case, during the first
partial dicing of the molded body, accesses to the sacrificial
layer may advantageously be formed, which enable or
facilitate the removal of the layer.

An optoelectronic component comprises an optoelec-
tronic semiconductor chip having an upper side. The opto-
clectronic semiconductor chip 1s embedded into a molded
body. In this case, the upper side of the optoelectronic
semiconductor chip 1s at least partially not covered by the
molded body. An optical lens 1s arranged above the upper
side of the optoelectronic semiconductor chip. The optical
lens connects to the molded body. An air gap 1s arranged
between the upper side of the optoelectronic semiconductor
chip and the optical lens.

The optical lens of this optoelectronic component enables
beam shaping of electromagnetic radiation emitted by the
optoelectronic semiconductor chip of the optoelectronic
component. Due to the air gap configured between the upper
side of the optoelectronic semiconductor chip and the optical
lens, an etendue 1s advantageously made possible which 1s
smaller than would be 1if there were direct contact between
the optical lens and the upper side of the optoelectronic
semiconductor chip. Due to the air gap configured between
the upper side of the optoelectronic semiconductor chip and
the optical lens, both a lower side of the optical lens facing
the optoelectronic semiconductor chip and an upper side of
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the optical lens facing away from the optoelectronic semi-
conductor chip may be used for beam deflection and may be
provided with a structuring.

A lower side of the optical lens facing the upper side of
the optoelectronic semiconductor chip may have a structur-
ing. As a result, the lower side of the optical lens may also
be used for beam deflection and beam shaping of electro-
magnetic radiation emitted by the optoelectronic semicon-
ductor chip of the optoelectronic component.

The molded body comprises a first partial molded body
and a second partial molded body. In this case, the opto-
clectronic semiconductor chip 1s embedded into the first
partial molded body. The first partial molded body 1s embed-
ded mto the second partial molded body. Production of the
first partial molded body and the production of the second
partial molded body may advantageously take place in
separate processing steps. In this case, economical mass
processing as a composite panel structure or water structure
1s advantageously possible 1n each processing step.

The optoelectronic component may comprise a microsys-
tems technology actuator configured to move the optical lens
relative to the molded body. The microsystems technology
actuator may, for example, be configured as an electrostatic
actuator. The actuator may make 1t possible to move the
optical lens 1n a direction parallel to the upper side of the
molded body and/or in a direction perpendicular to the upper
side of the molded body. As a result, the actuator of the
optoelectronic component advantageously makes 1t possible
to change the 1maging properties of the optical lens of the
optoelectronic component.

The above-described properties, features and advantages
and the manner in which they are achieved will be explained
more clearly and comprehensively 1n conjunction with the
tollowing description of the examples, which are explained
in greater detail in conjunction with the drawings.

FIG. 1 shows a schematic cut-away side view of an
optoelectronic component part 100. The optoelectronic com-
ponent part 100 comprises an optoelectronic semiconductor
chip 110 configured to emit electromagnetic radiation, for
example, to emit visible light. The optoelectronic semicon-
ductor chip 110 may, for example, be a light-emitting diode
chip (LED chip). In the example depicted in FIG. 1, the
optoelectronic component part 100 1s configured as a chip-
in-a-frame component part. However, 1t 1s also possible to
design the optoelectronic component part 100 as another
component part having compact outer dimensions.

The optoelectronic semiconductor chip 110 has an upper
side 111 and a lower side 112 opposite the upper side 111.
The upper side 111 of the optoelectronic semiconductor chip
110 forms a radiation emission surface of the optoelectronic
semiconductor chip 110. The optoelectronic semiconductor
chup 110 1s configured to radiate electromagnetic radiation,
for example, visible light, on 1ts upper side 111.

A converter element 120 1s arranged on the upper side 111
of the optoelectronic semiconductor chip 110 provided to
convert at least a portion of the electromagnetic radiation
radiated by the optoelectronic semiconductor chip 110 on its
upper side 111 1nto electromagnetic radiation of a different
wavelength. The converter element 120 may, for example,
be configured to convert electromagnetic radiation emitted
by the optoelectronic semiconductor chip 110 having a
wavelength from the blue or ultraviolet spectral range 1nto
clectromagnetic radiation having a wavelength from the
yellow spectral range. A mixture of unconverted and con-
verted electromagnetic radiation may, for example, exhibit a
white color effect. However, the converter element 120 may
also be omitted.
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In the depicted example, the optoelectronic semiconduc-
tor chip 110 has an electrical contact pad on its upper side
111 and one on 1ts lower side 112, via which an electric
current may be conducted through the optoelectronic semi-
conductor chip 110.

The optoelectronic semiconductor chip 110 of the opto-
clectronic component part 100 1s embedded into a first
molded body 130. In this case, the upper side 111 and the
lower side 112 of the optoelectronic semiconductor chip 110
are at least partially not covered by the material of the first
molded body 130, but are exposed. Preferably, the upper
side 111 and the lower side 112 of the optoelectronic
semiconductor chip 110 are, respectively, essentially flush
with an upper side 131 of the first molded body 130 and a
lower side 132 which 1s opposite the upper side 131. The
upper side 111 of the optoelectronic semiconductor chip 110
and the upper side 131 of the first molded body 130 together
form an upper side 101 of the optoelectronic component
part. The lower side 112 of the optoelectronic semiconductor
chip 110 and the lower side 132 of the first molded body 130
together form a lower side 102 of the optoelectronic com-
ponent part 100.

The first molded body 130 comprises an electrically
insulating material, preferably a plastic material. For
example, the first molded body 130 may include an epoxy
resin. The first molded body 130 may be produced via a
shaping method (molding method), for example, via com-
pression molding or via transfer molding. In particular, the
first molded body 130 may, for example, be formed via
film-assisted transier molding. The optoelectronic semicon-
ductor chip 110 1s preferably already embedded into the
molded body 130 during the formation of the first molded
body 130 in that the optoelectronic semiconductor chip 110
1s overmolded with the material of the first molded body
130.

A first electrical contact 140 and a second electrical
contact 150 are arranged on the lower side 102 of the
optoelectronic component part 100. The electrical contacts
140, 150 may, for example, be configured as planar metal-
izations. The first electric contact 140 extends across the
lower side 112 of the optoelectronic semiconductor chip 110
and electrically conductively connects to the electrical con-
tact surtace of the optoelectronic semiconductor chip 110
arranged on the lower side 112 of the optoelectronic semi-
conductor chip 110. The second electrical contact 150 elec-
trically conductively connects to the electrical contact sur-
face of the optoelectronic semiconductor chip 110 arranged
on the upper side 111 of the optoelectronic semiconductor
chip 110 by a via 160 extending from the lower side 132 to
the upper side 131 through the first molded body 130, and
by a planar metalization arranged on the upper side 101 of
the optoelectronic component part 100. The first electrical
contact 140 and the second electrical contact 150 thus allow
supplying the optoelectronic semiconductor chip 110 of the
optoelectronic component part 100 with voltage and electric
current.

The optoelectronic component part 100 may be produced
together with a plurality of other optoelectronic component
parts 100 1n common processing steps. For this purpose,
multiple optoelectronic semiconductor chips 110 are embed-
ded together 1nto the first molded body 130, 1n an arrange-
ment spaced apart from one another. Subsequently, one via
160 1s created in the first molded body 130 per optoelec-
tronic semiconductor chup 110. In addition, the metalizations
forming the electrical contacts 140, 150 and the electrically
conductive connections are created on the upper side and the
lower side of the first molded body 130, per optoelectronic
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semiconductor chip 110. The first molded body 130 1s then
diced to singulate the optoelectronic component parts 100.

FIG. 2 shows a schematic cut-away side view of the
optoelectronic component part 100 1n a processing state that
chronologically follows the depiction of FIG. 1. The opto-
clectronic component part 100 has been embedded into a
second molded body 200. The upper side 101 of the opto-
clectronic component part 100 and the lower side 102 of the
optoelectronic component part 100 are at least partially not
covered by the material of the second molded body 200 and
are thus at least partially exposed. Preferably, the upper side
101 of the optoelectronic component part 100 1s essentially
flush with an upper side 201 of the second molded body 200.
Likewise, the lower side 102 of the optoelectronic compo-
nent part 100 1s preferably essentially flush with a lower side
202 of the second molded body 200.

The second molded body 200 comprises an electrically
insulating material, preferably a plastic material. The second
molded body 200 may include the same material as the first
molded body 130. However, the second molded body 200
may also include a material different from that of the first
molded body 130.

Embedding the optoelectronic component part 100 1nto
the second molded body 200 may 1n turn take place via a
shaping method (molding method), wherein the optoelec-
tronic component part 100 1s overmolded with the material
of the second molded body 200. In particular, the embedding
of the optoelectronic component part 100 into the second
molded body 200 may take place via film-assisted transier
molding.

Instead of iitially embedding the optoelectronic semi-
conductor chip 110, as described, into the first molded body
130 to form the optoelectronic component part 100, and
subsequently embedding the optoelectronic component part
100 into the second molded body 200, the optoelectronic
semiconductor chip 110 may be directly embedded 1nto the
second molded body 200. The first molded body 130 1s
omitted 1n this case. In this case, the optoelectronic compo-
nent part 100 1s formed by the bare optoelectronic semicon-
ductor chip 110 without the first molded body 130. Creation
of the electrical contacts 140, 150 1s carried out 1n this case
on the lower side 202 of the second molded body 200, after
the embedding of the optoelectronic semiconductor chip 110
into the second molded body 200. For this purpose, a via
may be created in the second molded body 200.

FIG. 3 shows a schematic cut-away side view of the
second molded body 300 and the optoelectronic component
part 100 embedded therein in a processing state that chrono-
logically follows the depiction of FIG. 2. A sacrificial layer
300 has been arranged above the upper side 101 of the
optoelectronic component part 100 and the upper side 201 of
the second molded body 200. The sacrificial layer 300 has an
upper side 301 and a lower side 302 opposite the upper side
301. The lower side 302 of the sacrificial layer 300 contacts
the upper side 101 of the optoelectronic component part 100
and the upper side 201 of the second molded body 200.

The sacrificial layer 300 comprises a material suitable for
the structuring described hereinafter based on FIG. 4. For
example, the sacrificial layer 300 may comprise a photore-
s1st. The sacrificial layer 300 may, for example, be applied
to the upper side 201 of the second molded body 200 and the
upper side 101 of the optoelectronic component part 100 by
spin coating and subsequent curing.

FIG. 4 shows a schematic cut-away side view of the
second molded body 200 including the optoelectronic com-
ponent part 100 embedded therein, and the sacrificial layer
300 arranged above the second molded body 200 and the
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optoelectronic component part 100, 1n a processing state that
chronologically follows the depiction of FIG. 3. The sacri-
ficial layer 300 has been structured in a processing step
carried out between the depictions of FIGS. 3 and 4. As a
result, a structuring 310 of the sacrificial layer 300 has been
created on the upper side 301 of the sacnficial layer 300. In
addition, the sacrificial layer 300 has been partially removed
so that sections of the upper side 201 of the second molded
body 200 are no longer covered by the sacrificial layer 300,
but are exposed.

The structuring 310 on the upper side 301 of the sacrificial
layer 300 1s arranged above the upper side 111 of the
optoelectronic semiconductor chip 110 of the optoelectronic
component part 100. The structuring 310 may, for example,
be configured as a negative of an optically imaging lens
structure, for example, as a negative of a Fresnel lens
structure. However, the structuring 310 on the upper side
301 of the sacrificial layer 300 may also be omitted. In this
case, the upper side 301 of the sacrificial layer 300 may be
configured essentially flat, according to the processing car-
ried out between the processing states depicted in FIGS. 3
and 4.

Structuring the sacrificial layer 300 may, for example, be
carried out via a photolithographic method. In particular,
structuring the sacrificial layer 300 may be carried out, for
example, via mask, contact, grayscale, or laser-interference
lithography. However, structuring the sacrificial layer 300
may alternatively also be carried out via direct illumination,
for example, by a laser beam, or via an imprinting method.

FIG. 5 shows a schematic cut-away side view of the
second molded body 200, the optoelectronic component part
100, and the sacrificial layer 300, 1n a processing state that
chronologically follows the depiction of FIG. 4. A layer of
an optical material 400 has been arranged above the upper
side 301 of the sacrificial layer 300. The layer of the optical
material 400 has an upper side 401 and a lower side 402
opposite the upper side 401. The lower side 402 of the layer
of the optical material 400 contacts the upper side 301 of the
sacrificial layer 300. In the areas of the upper side 201 of the
second molded body 200 which have been exposed during
the structuring of the sacrificial layer 300 by removing the
sacrificial layer 300, the lower side 402 of the layer of the
optical material 400 1s also 1n direct contact with the upper
side 201 of the second molded body 200, and there forms
anchors 440 of the layer of the optical material 400.

In the area of the structuring 310 on the upper side 301 of
the sacrificial layer 300, the lower side 402 of the layer of
the optical material 400 has a lower-side structuring 420 that
forms a negative of the structuring 310 on the upper side 301
of the sacrificial layer 300. If the structuring 310 on the
upper side 301 of the sacrificial layer 300 1s configured as a
negative ol a Fresnel lens structure, the lower side of the
structuring 420 of the layer of the optical material 400
accordingly forms a positive of a Fresnel lens structure.

The layer of the optical material 400 comprises an opti-
cally transparent material, preferably an optically transpar-
ent plastic. For example, the layer of the optical material 400
may include a silicone or a polycarbonate.

FIG. 6 shows a schematic cut-away side view of the
optoelectronic component part 100, the second molded body
200, the sacrificial layer 300, and the layer of the optical
material 400, 1n a processing state that chronologically
follows the depiction of FIG. 5. The layer of the optical
material 400 has been structured 1n a processing step carried
out between the processing states depicted in FIGS. 5 and 6.
In this case, an upper-side structuring 430 has been created
on the upper side 401 of the layer of the optical material 400.
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The upper-side structuring 430 1s arranged above the
upper side 101 of the optoelectronic component part 100, in
particular above the upper side 111 of the optoelectronic
semiconductor chip 110. The upper-side structuring 430
may, for example, be configured as a convex lens structure
or as an Argus lens structure. However, the upper-side
structuring 430 may also be configured as another lens
structure.

Structuring the layer of the optical material 400 may, for
example, be carried out via a photolithographic method or
via an imprinting method.

FIG. 7 shows a schematic cut-away side view of the
optoelectronic component part 100, the second molded body
200, and the layer of the optical material 400, 1n a processing
state that chronologically follows the depiction of FIG. 6.

The sacrificial layer 300 has been removed from the area
between the lower side 402 of the layer of the optical
material 400 and the upper side 101 of the optoelectronic
component part 100 as well as the upper side 201 of the
second molded body 200. As a result, an optical lens 410 has
been formed from the layer of the optical material 400. The
second molded body 200 including the embedded optoelec-
tronic component part 100 and the optical lens 410 together
form an optoelectronic component 10.

Removal of the sacrificial layer 300 may preferably be
carried out by dissolving the sacrificial layer 300. For
example, the sacrificial layer 300 may be dissolved by a
solvent or an etching solution. In this case, the solvent or the
ctching solution may penetrate through openings provided 1n
the layer of the optical material 400 to the sacrificial layer
300. These openings may, for example, be created during
structuring the layer of the optical material 400. Alterna-
tively, the sacrificial layer 300 may be configured and
structured such that the openings are formed during the
creation of the layer of the optical material 400. Another
option 1s to form openings providing an access to the
sacrificial layer 300 during a subsequent, more precisely
defined dicing of the second molded body 200 and the layer
of the optical matenial 400.

By removing the sacrificial layer 300, an air gap 500 1s
formed between the upper side 101 of the optoelectronic
component part 100 and the lower side 402 of the optical
lens 410 formed from the layer of the optical material 400
having the lower-side structuring 420. The lower side 402 of
the optical lens 410 1s thus arranged above the upper side
101 of the optoelectronic component part 100, but 1s spaced
apart from the upper side 101 of the optoelectronic compo-
nent part 100 by the air gap 500. The optical lens 410 1s
anchored to the second molded body 200 via the anchors
440.

During operation of the optoelectronic component 10, the
optoelectronic component part 100 emits electromagnetic
radiation on its upper side 101, which i1s at least partially
converted into electromagnetic radiation of a different wave-
length via the converter element 120, which 1s optionally
present. The optical lens 410 produces beam shaping of the
clectromagnetic radiation and projects it into a target area 1n
the vicinity of the optoelectronic component 10. Thus, the
clectromagnetic radiation 1s deflected both at the interface
between the air gap 500 and the lower side 402 of the optical
lens 410, and at the interface between the upper side 401 of
the optical lens 410 and the vicinity of the optoelectronic
component 10. Thus, both the lower-side structuring 420 on
the lower side 402 of the optical lens 410 and the upper-side
structuring 430 on the upper side 401 of the optical lens 410
produce beam shaping.
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The electrical contacts 140, 150, which are accessible on
the lower side 102 of the optoelectronic component part 100
embedded 1nto the second molded body 200, form electrical
connection surfaces of the optoelectronic component 10.
The optoelectronic component 10 may, for example, be
provided as an SMT component for surface mounting, for
example, for surface mounting by reflow soldering.

The optoelectronic component 10 may be produced
together with a plurality of other optoelectronic components
10 1n common processing steps. For this purpose, multiple
optoelectronic component parts 100 are embedded together
into the second molded body 200 1n an arrangement spaced
apart from one another.

A section of the sacrificial layer 300 1s then arranged
above each optoelectronic component part 100 embedded
into the second molded body 200 and structured in the
described manner. For example, the sacrificial layer 300 may
be arranged as a connected layer above all optoelectronic
component parts 100 embedded into the second molded
body 200. If the structuring of the sections of the sacrificial
layer 300 1s carried out via direct illumination by a laser, the
positions of the individual optoelectronic component parts
100 embedded 1nto the second molded body 200 may thus
be 1mtially detected 1n a preceding processing step. As a
result, the structurings 310 of the sacrificial layer 300 may
be exactly oriented toward the optoelectronic semiconductor
chips 110 of the optoelectronic component parts 100.

In a subsequent processing step, a section of the layer of
the optical material 400 1s arranged above each section of the
sacrificial layer 300 and structured 1n the described manner.

Subsequently, the second molded body 200 and the layer
of the optical material 400 are diced to singulate the opto-
clectronic components 10. Dicing the molded body 200 and
the layer of the optical material 400 may be carried out
betfore or after removal of the sacrificial layer 300.

If the optoelectronic component parts 100 are embedded
into the second molded body 200 1n a regular two-dimen-
sional matrix arrangement, the second molded body 200
may, for example, mitially be diced into rows or to
columns, whereby accesses to the sections of the sacrificial
layer 300 are created. After the subsequent removal of the
sections of the sacrificial layer 300, the columns or rows of
the second molded body 200 and the layer of the optical
material 400 are further diced to definitively singulate the
optoelectronic components 10.

A method of producing an optoelectronic component 20
according to an alternative example will be described below,
based on FIGS. 8 to 10. The optoelectronic component 20
and the method for its production are highly similar to the
optoelectronic component 10 of FIG. 7 and the method for
its production described based on FIGS. 1 to 7. In FIGS. 8
to 10, corresponding components are therefore provided
with the same reference numerals as in FIGS. 1 to 7. The
following description focuses on a demonstration of the
differences between the optoelectronic component 20 of the
second example and the optoelectronic component 10 of the
first example, and the diflerences between the respective
production methods.

FIG. 8 shows a schematic cut-away side view of the
second molded body 200 with the optoelectronic component
part 100 embedded therein, and the structured sacrificial
layer 300 arranged above the upper sides 101, 201 of the
optoelectronic component part 100 and the second molded
body 200, in a processing state corresponding to the pro-
cessing state shown 1n FIG. 4. The processing state shown
in FIG. 8 1s obtainable 1n that the processing steps described
based on FIGS. 1 to 4 are carried out 1n a similar manner.
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The optoelectronic component part 100 shown 1n FIG. 8
differs from the optoelectronic component part 100 depicted
in FIG. 4 due to the absence of the converter element 120.
However, 1t would also be possible to provide the converter
clement 120 1n the case of the optoelectronic component part
100 1n the example of FIG. 8.

The structured sacrificial layer 300 1n the depiction of
FIG. 8 differs from the sacrificial layer 300 in depiction of
FIG. 4 1n that i1t has an additional placeholder 320 extending
upwardly in a columnar manner from the upper side 201 of
the second molded body 200 1n a direction perpendicular to
the upper side 201 of the second molded body 200. During
structuring of the sacrificial layer 300, the placeholder 320
has been created 1n that the sacrificial layer 300 has not been
removed 1n the area of the placeholder 320.

FIG. 9 shows a schematic cut-away side view of the
second molded body 200 including the embedded optoelec-
tronic component part 100 and including the sacrificial layer
300 arranged above the second molded body 200 and the
optoelectronic component part 100, 1n a processing state that
chronologically follows the depiction of FIG. 8. In process-
ing steps carried out between the depictions of FIGS. 8 and
9, the layer of the optical material 400 has been arranged and
structured above the upper side 301 of the sacrificial layer
300. The processing state depicted in FIG. 9 thus corre-
sponds to the processing state depicted in FIG. 6.

The structured layer of the optical material 400 in the
situation depicted i FIG. 9 differs from the situation
depicted 1 FIG. 6 1n that the placeholder 320 of the
sacrificial layer 300 extends from the lower side 402 of the
layer of the optical maternial 400, through the entire layer of
the optical material 400, to the upper side 401 of the layer
of the optical material 400. As a result, a channel 450
extending through the layer of the optical material 400 1s
tformed, 1n which the placeholder 320 of the sacrificial layer
300 1s arranged. The channel 450 establishes a connection
from the upper side 401 of the layer of the optical material
400 to the sacrificial layer 300.

FIG. 10 shows a schematic cut-away side view of the
optoelectronic component part 100, the second molded body
200, and the layer of the optical material 400, in a processing
state that chronologically follows the depiction of FIG. 9.
The processing state depicted 1n FIG. 10 corresponds to the
processing state depicted in FIG. 7. In a processing step
carried out between the processing states depicted i FIGS.
9 and 10, the sacrificial layer 300 has been removed. As a
result, the second optoelectronic component 20 has been
formed.

The removal of the sacrificial layer 300 has been carried
out by dissolving the sacrificial layer 300 by an etching
solution or a solvent. In this case, the etching solution or the
solvent has penetrated through the channel 450 1n the layer
of the optical material 400, to the sacrificial layer 300.

FIG. 11 shows a schematic cut-away side view of an
optoelectronic component 30 according to a third example.
The optoelectronic component 30 1s highly similar to the
optoelectronic component 10 of the first example. In FIG.
11, corresponding components are therefore provided with
the same reference numerals as 1n FIG. 7. The optoelectronic
component 30 may be produced via the method described
based on FIGS. 1 to 7, wherein the deviations and particular
teatures described below are to be taken into account.

The optoelectronic component 30 differs from the opto-
clectronic component 10 due to the presence of a microsys-
tems technology actuator 600, which is configured to move
the optical lens 410 relative to the second molded body 200
of the optoelectronic component 30.

5

10

15

20

25

30

35

40

45

50

55

60

65

12

In the schematically depicted example, the actuator 600 1s
configured as an electrostatic actuator. The actuator 600 has
lens-side electrodes 610 arranged in the area of the air gap
500 on the lower side 402 of the optical lens 410. In addition,
the actuator 600 has molded body-side eclectrodes 620
arranged 1n the area of the air gap 500 on the upper side 201
of the second molded body 200 and opposite the lens-side
clectrodes 610. By applying a voltage between the lens-side
clectrodes 610 and the molded body-side electrodes 620, a
force acting between the lens-side electrodes 610 and the
molded body-side electrodes 620 may be generated, which
moves the optical lens 410 of the optoelectronic component
30 relative to the second molded body 200 1n a direction
perpendicular to the upper side 201 of the second molded
body 200, and thus also relative to the optoelectronic com-
ponent part 100 and the optoelectronic semiconductor chip
110.

If the lens-side electrodes 610 are laterally displaced
relative to the molded body-side electrodes 620, a force
acting between the lens-side electrodes 610 and the molded
body-side electrodes 620 of the actuator 600 may also effect
a deflection of the optical lens 410 1n a direction parallel to
the upper side 201 of the second molded body 200.

In a processing state chronologically following the depic-
tion of FIG. 2, the molded body-side electrodes 620 may, for
example, be applied to the upper side 201 of the second
molded body 200 before the sacrificial layer 300 1s subse-
quently arranged on the upper side 201 of the second molded
body 200. In a processing step chronologically following the
depiction of FIG. 4, the lens-side electrodes 610 may, for
example, be applied to the upper side 301 of the structured
sacrificial layer 300 before the layer of the optical material
400 1s subsequently arranged above the upper side 301 of the
sacrificial layer 300. After removing the sacrificial layer 300,
the lens-side electrodes 610 then remain on the lower side
402 of the optical lens 410 formed from the layer of the
optical material 400.

The movement of the optical lens 410 of the optoelec-
tronic component 30 relative to the optoelectronic semicon-
ductor chip 110 of the optoelectronic component 30, which
1s made possible by the actuator 600, enables a dynamic
adjustment of the optical imaging properties of the opto-
clectronic component 30 during the operation of the opto-
clectronic component 30. This may, for example, be used to
generate changing images or a variable flashing light.

Our methods and structures are illustrated and described
in greater detail based on the preferred examples. However,
this disclosure 1s not limited to the described examples.
Rather, other variations may be derived from them by those
skilled 1n the art, without departing from the scope of
protection of the appended claims.

This application claims priority of DE 10 2014 116 134 .3,
the subject matter of which 1s herein imncorporated by refer-
ence.

The mvention claimed 1s:

1. A method of producing an optoelectronic component
comprising:

embedding an optoelectronic component part into a

molded body such that an upper side of the optoelec-
tronic component part 1s at least partially exposed on an
upper side of the molded body;

arranging and structuring a sacrificial layer above the

upper side of the optoelectronic component part and the
upper side of the molded body;

arranging and structuring a layer of an optical material

above the sacrificial layer; and

removing the sacrificial layer.




US 10,256,380 B2

13

2. The method as claimed in claim 1, wherein the opto-
clectronic component part comprises an optoelectronic
semiconductor chip or a light-emitting diode chip.

3. The method as claimed in claim 1, wherein the opto-
clectronic component part 1s embedded into the molded
body such that a lower side of the optoelectronic component
part 1s at least partially exposed on a lower side of the
molded body.

4. The method as claimed in claim 3, wherein the opto-
clectronic component part has electrical contacts on 1its
lower side.

5. The method as claimed 1n claim 3, wherein embedding
the optoelectronic component part into the molded body 1s
carried out such that the upper side and the lower side of the
optoelectronic component part are flush with the upper side
and the lower side of the molded body.

6. The method as claimed 1n claim 1, wherein the molded
body 1s formed by a molding method, and

the optoelectronic component part 1s embedded into the

molded body during formation of the molded body.

7. The method as claimed i1n claim 1, wherein the sacri-
ficial layer comprises a photoresist.

8. The method as claimed 1n claim 1, wherein structuring,
the sacrificial layer i1s carried out via a photolithographic
method via mask, contact, grayscale, or laser-interference
lithography, via direct illumination, or via an imprinting
method.
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9. The method as claimed 1n claim 1, wherein removal of
the sacrificial layer 1s carried out by dissolving the sacrificial
layer.

10. The method as claimed 1n claim 9, wherein dissolving
the sacrificial layer 1s carried out by a solvent or an etching
solution.

11. The method as claimed in claim 1, wherein the optical
material comprises a plastic.

12. The method as claimed in claim 1, wherein structuring
the optical material 1s carried out via a photolithographic
method or an 1mprinting method.

13. The method as claimed in claim 1, wherein multiple

optoelectronic component parts are embedded together nto
the molded body,

a section of the sacrificial layer 1s arranged and structured
above each optoelectronic component part,

a section of the optical material 1s arranged and structured
above each section of the sacrificial layer, and

the optoelectronic component 1s singulated by dicing the

molded body.

14. The method as claimed 1n claim 13, wherein dicing the
molded body i1s carried out before removal of the sacrificial
layer or after removal of the sacrificial layer.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

